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THAYER SCUDDER*

The Need and Justification for
Maintaining Transboundary Flood
Regimes: The Africa Case
ABSTRACT
In this article the author argues the need for a new approach to
African river basin development whereby dams combine hydropower
generation with the releaseof a controlledflood, synchronized with
reservoirdrawdown, for the benefit of riverinepopulations and ecosystems. Annual flood regimes have sustained the economies of millions of African producers for centuries without environmental
degradation.Not only are those producersdependent on annualflood
regimes, but their productivity, with associated multiplier effects,
could be significantly increased by low resource development strategies, including the improved water management that controlled
flooding would provide.
INTRODUCTION

Most people consider floods detrimental to human behavior, and international law reflects this opinion by encouraging cooperation in flood
prevention and disaster warnings. Based on experiences with river basin
development in tropical Africa, however, the author has become convinced that floods there should not be prevented. This is because the
livelihood of literally millions of people and their livestock is dependent
on the annual (in some cases biannual) flood regime, that regime also

being crucial for ecosystem maintenance. While suspecting that such is
more the case in tropical Africa than elsewhere, one questions the international concern with flood control (often defined in terms of flood elimination) as opposed to flood regulation.

Unregulated flooding, of course, presents serious problems to riverine
*This article is a much updated and revised adaptation based on chapters 2 and 3 of the author's
July 1988 manuscript on Overview of the African Experience with River Basin Development: Achieve-

ments to Date, the Role of Institutions, and Strategiesfor the Future. That manuscript was prepared
under the auspices of Clark University and the Institute for Development Anthropology, with sponsorship from the Office of Rural and Institutional Development of the U.S. Agency for International
Development (AID), Bureau for Science and Technology, under its Human Settlements and Natural
Resource Systems Analysis (SARSA) Cooperative Agreement, and with financial support from AID's
Africa Bureau. A revised and updated version will be published during 1991 by the Westview Press.
Based largely on the author's 35 years of experience with African river basins, the views and
interpretations in this article are those of the author. Many of the statements in this article, therefore,
do not include traditional citations. Special thanks go to Victoria Mason, who proofed and formatted
several drafts.
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populations in Africa as elsewhere. Too much water or untimely flooding
periodically devastates riverine cultivation and communities. As recently
as 1988, flood water descending the Blue Nile from the Ethiopian Highlands devastated the Khartoum area and the Northern Sudan, while floods
were a serious problem in Middle Egypt prior to the completion of the
Aswan High Dam. On the other hand, too little flooding-as during recent
drought cycles--reduces seriously the productivity of crop agriculture,
dry season grazing, and fisheries, and increases the potential for conflict
between users. A case in point is the upper basin of the Niger where
irregular flooding has an adverse effect on yields every third year on the
average, while conflicts between users have increased during recent drought
years. I
A solution to such problems, however, is not to eliminate annual flooding but rather to use mainstream and tributary dams to release a manmade downriver flood which would be synchronized with a regularized
drawdown of upstream reservoirs-hence increasing the productivity of
reservoir and downstream areas alike. On the basis of current knowledge,
the author theorizes that such an approach to water management, if combined with low resource development assistance (involving, for example,
improved extension and such low-cost technical assistance as use of twoway sluices to move flood waters in and out of high potential basins),
could increase crop yields by a factor of two to three. Resulting increases
in the disposable income of millions of small scale producers, with associated multiplier effects, could more than offset the loss in revenue and
opportunity arising from reductions in hydropower generation from dams
releasing man-made floods. There would also be major ecological benefits. Since the above option has important policy implications for Africa
(and perhaps for the tropics and subtropics in general), this article will
explore this option in more detail.
THE NATURE OF AFRICA'S RIVER SYSTEMS

Most of Africa (and even a greater proportion of tropical Africa) is
drained by fewer than 10 major river systems. Their basins are largely
characterized by seasonal rainfall, and hence by unimodal or bimodal
rainy seasons followed by dry seasons (of 2.5 to 10 months) during which
lack of moisture precludes rainfed agriculture. As a result of these rainfall
patterns, a common feature of a large majority of the continent's rivers
is seasonality of runoff with mean maximum discharge frequently 10
times that of mean minimal discharge. Examples include the Orange,
Zambezi, Tana, Juba, Nile, Gambia, and Senegal Rivers as well as trib1. E. Simmons, Irrigation Investments in Mali: An Options Paper for Mission Managers (1986)
(unpublished AID manuscript from Bamako).
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utaries of the Niger. Heavy discharges tend to occur during a relatively
short flood season. Adams refers to Food and Agriculture Organization
(FAO) data that show that 70 percent of the run-off from the Niger's
Sokoto-Rima system occurred over two months, while 80 percent of the
flow of the Gambia River at Goulombou occurs over a three-month period.' With the exception of the Orange (much of which flows through
the White farmlands of South Africa and then through sparsely populated
desert country in Namibia), local economies are dependent, to a considerable extent, on these flood regimes.
The major exceptions to extreme seasonality of run-off are the Niger;
the White Nile, and the Congo. In the case of the Niger, though downstream flows are regulated by the Inland Delta in Mali, annual flooding
is still essential to millions living close to the river banks in Niger and
Northern and Central Nigeria. Annual fluctuations are .also fundamental
to the economies of more than a million people, as well as to millions
of domestic stock, living along the White Nile in the vicinity of the Sudd
in the Central Sudan and below the Sudd in the Northern Sudan (the
Sudd, like the Inland Delta of the Niger, regulates the flow of the White
Nile). Only for the Congo, the lower and middle portions of which flow
through humid rain forests, are annual fluctuations of less importance to
riverine inhabitants.
THE IMPORTANCE OF RIVERINE HABITATS FOR
NATIONAL DEVELOPMENT AND LOCAL POPULATIONS
Unquestionably harsh environments, especially in their middle and
lower reaches, many African river basins nontheless have been densely
populated for centuries, if not millenia. In West Africa, more than a
million people inhabit the Senegal River Basin and tens of millions the
Niger Basin. Elsewhere, the fertile alluvial soils, fishery resources, and
grazing lands of the Upper Zambezi in Barotseland and the alluvia of the
Middle Zambezi in the Gwembe Valley support two of the densest rural
populations in Central Africa.
Riverine and lacustrine habitats have played a major role in the African
origins of sedentary communities, crop agriculture, states, and civilizations. For example, one commentator sees the middle Niger, including
the Inland Delta, as the area of origin of African floating rice (Oryza
glaberrima), five species of sorghum, one of Pennisetum, and perhaps
fonio (Digitariaexilis).3
2. Adams, River Controlin West Africa, in The Niger and Its Neighbours: Environmental History
and Hydrobiology, Human Use and Health Hazards of the Major West African Rivers 177-228 (A.
Grove ed. 1985).
3. Porres, Berceaux agricoles primairessur le continent africain, 3 J. of African Hist. 195

(1962).
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In more recent times African rivers were well traveled by fishermen
and traders. In the Sudan, the Kingdom of Meroe (where the first use of
iron in tropical Africa has been recorded) was situated on the Nile where
the importance of flood recession cultivation continues until this day. In
West Africa a number of African kingdoms are associated with the Lake
Chad Basin, the Middle Niger, and the Senegal-kingdoms that Bass
graphically describes as being nurtured by the associated wetlands. 4 The
Inland Delta was especially key to a number of early cities (like Djenne)
and kingdoms.
It is difficult to imagine life in the Sudan and Egypt without the Nile.
Though the situation is less dramatic in countries such as Mali and Nigeria
(Niger River), Gambia (the Gambia River), and Zambia (the Zambezi
river system), nonetheless their river basins are still national heartlands,
while Somalia's Juba River Basin is a potential heartland. Indeed, riverine
habitats from small tributaries to large rivers are a critical African resource.5 Bingham, for example, considers Zambia's Kafue Flats as Zambia's "most valuable agricultural entity," 6 while Williams and Howard
believe that "the biological productivity of an area such as the Kafue
Flats may in the long run prove to be vastly more important to mankind
that its short term value as a modified water storage for the generation
of electrical power." 7 Dependent on annual flooding, this productivity
supports an important fishery and the wealthiest cattle pastoralists in
Central Africa,8 with Bingham estimating that 10 to 20 percent of the
national herd is dependent on grazing the flats during the critical months
of the dry season that precede the commencement of the rains. 9
It is hard to understand why the integrated development of Africa's
river basins, except during a flurry of interest during the height of the
1968-74 Sahelian drought, has been virtually ignored in development
planning. Even more striking is the extent to which the importance of
annual flooding for local farmers, transhumant pastoralists, and fishermen
is ignored by researchers and developers alike. Four factors appear re4. Bass, The Miraculous Niger Flood, 5 Audubon 22-25 (1986).
5. See C. Drijver & M. Marchand, Taming the Floods: Environmental Aspects of Floodplain
Development in Africa (1985); Scudder, River-Basin Development and Local Initiative in African
Savanna Environments, in Human Ecology in Savanna Environments 383 (D. Harris ed. 1980)
[hereinafter Scudder, River-Basin Development); Scudder, River Basin Projects in Africa: Conservation vs. Development, 31 Env't 4 (1989) [hereinafter Scudder, Conservation vs. Development).
6. Bingham, The Livestock Potential of the Kafue Flats, in 1978 Proceedings of the National
Seminar on Environment and Change: The Consequences of Hydroelectric Power Development on
the Utilization of the Kafue Flats, Lusaka 102 (G. Howard & G. Williams eds. 1982) (Kafue Basin
Research Committee of the University of Zambia).
7. G. Williams & G. Howard, Preface to Development & Ecology in the Lower Kafue Basin in
the Nineteen Seventies 6 (G. Williams & G. Howard eds. 1977) (papers from the Kafue Basin
Research Committee of the University of Zambia).
8. R. Fielder, The Role of Cattle in the Ila Economy (1970) (unpublished manuscript).
9. Bingham, supra note 6, at 102.
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sponsible for this major oversight. The first is the tendency to follow
geographers and botanists in regionalizing Africa on the basis of climate
and associated vegetation zones rather than on the basis of river basins
that tend to traverse several such zones.
A second factor relates to the geology of Africa. Composed largely of
plateaus of ancient crystalline rock, Africa is estimated to contain at least
30 percent of the world's hydroelectric potential. The rivers carry relatively low silt loads (some major exceptions being rivers that drain the
Ethiopian highlands and Kenya's Tana River). These facts have tended
to draw the attention of developers and politicians alike to the energy
potential as opposed to the agricultural potential of Africa's river basins.
The third factor is the common perception that river basins in tropical
Africa are hostile, sparsely populated environments. Certainly there are
major constraints on local producers and societies, some of which-like
onchocerciasis (river blindness) and trypanosomiasis (human sleeping
sickness)-have sharply reduced population densities. Disease, pests, and
irregular flooding are ongoing and longstanding. Other constraints, like
drought, are recurrent, while the relative importance of population increase, environmental degradation, and interethnic conflict have been
growing.
A fourth factor is an unawareness of, or lack of concern about, the
extent to which dam construction and other government policies are apt
to disadvantage the large majority of river basin residents compared to
other users. Above dams, no resettlement programs have significantly
improved the living standards of those whose lands and homes are flooded
out. Below dams, millions lose access to the annual flood on which they
are so dependent. Moreover, all too often they find themselves displaced
by wealthier immigrants, especially where the potential for pump irrigation has been enhanced by dam construction.
In the Middle Zambezi Valley and the Kariba Lake Basin, the government of Zambia recently has displaced whole villages with inadequate
compensation in order to give their land to internationally financed and
managed agribusinesses for irrigation development. Similar displacement
in river basins is facilitated in Mauritania and Somalia by recent land
registration laws that favor individuals with capital over local populations
whose land use is governed by customary tenure. In both countries, results
have been economically and politically disastrous.
In Mauritania, the movement, with strong government support, of
wealthier Bidan into the Lower and Middle Senegal River Basin has been
at the expense of the local population. Indeed, it has been persuasively
argued by Horowitz that the recent genocide in both Mauritania and
Senegal was triggered by this movement which was in response to the
increased potential for irrigation that followed the construction of the
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Manantali Dam in contrast to deteriorating economic opportunities elsewhere in the country.'" In Somalia's Juba River basin, government officials and other wealthy outsiders have used the 1975 national land registration
act to take over the lands of riverine communities in anticipation of the
improved, irrigation opportunities that are expected to follow construction
of the Baardheere Dam. This "land grab" has also triggered violent
confrontations that have widened the scope of civil war to include the
Juba Valley." It can also be argued that the failure of the North in the
Sudan to consider the interests of the South in regard to the development
potential and impacts of the Jonglei Canal was a background
factor in
2
the recent renewal of civil war between North and South.'
Elsewhere, internationally funded irrigation projects have exacerbated
competition between different categories of local users. Examples include
the Tana River Basin of Kenya, the Nile and its tributaries in the Northern
Sudan, and the Niger River system. The increasing potential for conflict
within the Inland Delta of the Niger should be of special concern. While
the importance of the Inland Delta has been enhanced by recent drought,
the expansion of donor-funded irrigated agriculture and stock ownership
among farmers coupled with the inflow of more stock and herders has
led to increasing conflict between pastoralists, farmers, and fishermen,"
as well as to reports of degradation of the reduced area of floodplain. ' "
Referring to Operation Riz-Mopti (ORM) in the mid-1980s, Simmons
notes:
The takeover of traditional riverine pastures (bourgou) for rice cultivation has already been an issue, and the integration of livestock
and rice is a constant problem for farmers and ORM. The annual
passage of the major herds from the wet season pastures in the north
to the dry season pastures in the south requires political intervention
at their highest levels: timing is critical to minimize crop damage
while maximizing herds' use of the Delta pasture and water supplies
as they move south.'"

That such costs have never been integrated into cost-benefit analyses
should be of major concern to policy-makers since they could tip the
10. Horowitz, Victims of Development, 7 Dev. Anthropology Network 1 (1989).

11. Letter from Peter Little, Senior Associate, Institute for Development Anthropology, to author
(June 12, 1989). On the "land grab," see Associates in Rural Development (ARD), III Socioeconomic
Studies, A-29 (1989).
12. Scudder, Victims of Development Revisited: The PoliticalCosts of River Basin Development,

8 Dev. Anthropology Network (No. 1) (1990).
13. Cisse, Land Tenure Practice and Development Problems in Mali: The Case of the Niger
Delta, in Population, Health and Nutrition in the Sahel (A. Hill ed. 1985).
14. Skinner, TowardsBetter WoodlandManagementin the SahelianMali, in Pastoral Development
Network 117 (1988) (London Agricultural Administration Unit, Overseas Development Institute).
15. E. Simmons, supra note I, at 9.

Winter 19911

TRANSBOUNDARY

FLOOD REGIMES

balance against major projects as initially planned and subsequently implemented. Solutions to such problems will not be easy. Indeed, in countries with unfavorable policies toward rural development-and river basin
populations, donors should not fund large-scale dams. Elsewhere, river
basin development strategies must incorporate local populations. Using
dams to combine controlled flooding with hydro-power generation and
irrigation is one such strategy that makes sense not just in terms of equity
considerations, but also in terms of reducing the potential for conflict.
Furthermore, controlled flooding could bring major economic benefits by
raising living standards because the rising disposable income of large
numbers of small-scale producers is the engine that drives development
during the early stages of industrialization. 6
Riverine communities have little control over disease, pests, and irregular flooding. Their mitigation (in the case of disease and pests) and
their more productive use (in the case of flood regimes) require major
state assistance often backed by international research, technical assistance, and finance. Conservationists tend to ignore this point, just as they
tend to ignore the fact that the large majority of riverine inhabitants want
development, although defined on their own terms. The ongoing program
for controlling river blindness (onchocerciasis) is a major international
effort involving a number of West African nations, the World Health
Organization (WHO), the World Bank, and other donors. Control of tsetse
flies, locusts, and grasshoppers in river basins also requires international
assistance, while improved extension services are needed for promoting
more desirable measures such as integrated pest control. Control of irregular flooding (both too much and too little water) is apt to require
major infrastructures including mainstream dams on transnational rivers.
Control of the increasing potential for strife will require transnational
political sensitivity as well as regional planning that includes the type of
zoning for more intensive forms of land and water use that is under
experimentation in Burkina Faso. Such development must of course be
sustainable, and there the maintenance of flood regimes can play an
important role.
THE NATURE OF RIVERINE PRODUCTION SYSTEMS AND
THEIR DEPENDENCE ON ANNUAL FLOODING
Introduction
The distribution and importance of riverine habitats and production
systems have been emphasized in a number of recent publications. Burgis
16. See J. Mellor, Agriculture on the Road to Industrialization, in Development Strategies Reconsidered (J. Lewis & V. Kallab eds. 1986); B. Johnston & P. Kilby, Agriculture and Structural
Transformation: Economic Strategies in Late Developing Countries (1975).

NATURAL RESOURCES JOURNAL

(Vol. 31

and Symoens have inventoried African wetlands and shallow water bodies.'7 Drijver and Marchand"8 and Scudder 9 have briefly discussed local
production systems, along with the impacts of dam construction. Adams
has done the same for Northern Nigeria," while Associates in Rural
Development (ARD) has discussed the potential impacts of Somalia's
proposed Baardheere Dam on downriver habitat and peoples.2 Breen and
his colleagues,' Howard and Williams,23 and Hughes' have been especially concerned with ecological impacts of dam construction along the
Pongolo (South Africa), Kafue (Zambia), and Tana (Kenya) river systems,
respectively, with the South African and Zambian researchers also assessing the impacts of controlled flooding from the Pongolapoort and
Itezhitezhi Dams. Howell and his colleages have examined the implications of the Jonglei Canal scheme in the Sudan on the fibod-dependent
production systems of surrounding peoples.'
A few numbers will suggest the magnitude of people and livestock that
are dependent on annual flooding in the Sudan's Sudd and parts of West
Africa. One of the largest wetlands in the world, the Sudd is an essential
resource for more than one million Nilotic people and several million
livestock. The largest numbers, and the most intricate systems of production, however, are associated with the Senegal, Lake Chad, and Niger
Basins. In each case, floodwater cultivators, herders, and fishermen are
involved. In good years, well over 300,000, and perhaps more than
500,000, hectares are utilized for flood recession agriculture (over 100,000
hectares in the Senegal Basin, an estimated 165,000 hectares along the
Niger in Guinea, Mali, and Niger, of which up to 110,000 hectares are
17. M. Burgis & J. Symoens, African Wetlands and Shallow Water Bodies (1987).
18. C. Drijver & M. Marchand, Taming the Floods: Environmental Aspects of Floodplain Development in Africa (1985).
19. See Scudder. River-Basin Development, supra note 5, at 139-48. Scudder, The African Experience with River Basin Development, Natural Resources Forum (May 1989) [hereinafter Scudder,
Forum].
20. Adams, TraditionalAgricultureand Water Use in the Sokoto Valley, Nigeria. 152 Geographical
J. 30 (1986) [hereinafter Sokoto Valley); Adams, The Downstream Impacts of Dam Construction:A
Case Studyfrom Nigeria, 10 Transaction, Institute of British Geography N.S. 292 (1985) (hereinafter
Downstream Impacts).
21. Associates in Rural Development (ARD), Jubba Environmental and Socioeconomic Studies
(1989) (four volumes).
22. See, e.g. J. Heeg & C. Breen, Man and the Pongolo Floodplain (1982) (South African
Scientific Programmes Report No. 56); A. Buchan, Grazing Resources of the Makatini Flats and
Pongolo Floodplain: Production, Use and Significance in the Local Socio-Economy (1988) (Institute
of Natural Resources, University of Natal, Investigative Report No. 32).
23. G. Williams & G. Howard, supra note 7; Howard & Williams, The Consequences of Hydroelectric Power Development on the Utilization of the Kafue Flats, Lusaka, 1978 Proceedings of
the National Seminar on Environment and Change 1.
24. F. Hughes, The Tana River Flood Plain Forest, Kenya: Ecology and the Impact of Development
(1985) (unpublished Ph.D. dissertation, University of Cambridge).
25. The Jonglei Canal: Impact and Opportunity I (P. Howell, M. Lock & S. Cobb eds. 1988).
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within the Inland Delta, and an extensive but unknown area in the Nigerian
portion of the Niger basin and in the Lake Chad-Logone-Chari basins).
During the mid-1950s nearly half a million people utilized the Inland
Delta of the Niger, including 70,000 farmers, 80,000 fishermen, and
more than 300,000 pastoralists. 2 Periodically they were incorporated.
within a single political framework, with the various ethnic and occupational groups linked together in a set of dynamic and complex relationships that "have maintained environmental quality . . . , with each
population of producers using a repertoire of diverse techniques that is
modified from time to time according to labour resources, management
needs, and local environmental and sociopolitical conditions." '27
The Nature of Riverine Production Systems
Riverine production systems in tropical Africa are multi-faceted. The
more important components are rainfed agriculture, flood water agriculture, livestock management, fishing, gathering and hunting, and wage
labor-the latter becoming increasingly critical as a result of the incorporation of local economies into a wider political economy, population
increase, and environmental degradation. While some of these components have no direct relationship to flooding, their relative importance
through time is responsive to changing circumstances, including changes
in rainfall and river flows.
Where rainfall is good (both in quantity and distribution), riverine
farmers are apt to emphasize extensive rainfed agriculture on alluvial and
other soils because of its greater returns per unit of labor. Where rainfall
is poor, more emphasis is placed on flood recession cultivation during
the following dry season, and where both rainfall and flooding is restricted, the people turn to wage labor, and especially labor migration to
external locations. Labor migration in turn may have a constraining effect
on local agriculture (irrigation in particular) by reducing labor availability
and land cultivated-hence the anomaly of uncultivated land in fooddeficit areas. Transhumant pastoralists may respond to periods of drought
or political instability through temporary or even permanent sedentarization along rivers, as has occurred historically along the Senegal and
Nile, and is currently occurring there. Along the Middle and Lower Tana
River in Kenya, some herders also are taking increasingly to fanning,
while others, marginalized by drought, conflict, and other misfortunes,
hire themselves out to herd the stock of farmers, wealthy pastoralists,
and cooperative ranches. Numbers of fishermen are influenced by urban
unemployment and inflation as in Zambia in the late 1950s and during
26. J.Gallais, Le Delta interieur du Niger Etude de geographie regionale (1967) (two volumes).

27. Scudder, River-Basin Development, supra note 5, at 388.
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the past 15 years during which the number of subsistence fishermen on
the Kafue Flats has steadily increased.28
The various components of such systems may be incorporated by one
or more ethnic groups within a single diversified production system (as
along the Middle Zambezi), or they may be associated with different
ethnic communities through occupational specialization (as in the Inland
Delta of the Niger), in which case the various groups are intricately related
through a complex of economic, social, and political ties. In the paragraphs that follow the most flood-dependent components are isolated for
purposes of analysis. It must be kept in mind, however, that they are part
of complex and dynamic systems, composed of one or more ethnic groups,
within which the relative importance of the different components responds
to changing circumstances.
Flood-Water Agriculture
There are four types of flood-water agriculture in Africa, all of which
probably date back several thousand years in their areas of origin. A form

of natural irrigation, they utilize rainfall, sheet flow, river flood regimes,
and tidal action either singly or in various combinations. Associated with
riverine and lacustrine habitats, the first two are fresh-water flood-recession and fresh-water flood-rise cultivation. The third and fourth are valley
and tidal cultivation. None have received from developers the attention

they deserve, although attention is increasing among researchers. 2
iOver the centuries, the most common type of flood-water agriculture
is flood recession cultivation ("d6crue" in francophone Africa) in which
farmers sow the banks of rivers, streams and lakes as the flood waters
recede during the dry season. Flood-rise agriculture is much more localized, occurring primarily in West Africa. Best known is the seeding
of floating rice (Oryza glaberrima)just prior to the commencement of
the annual flood in the Inland Delta of the Niger. Flood-rise rice is also
planted along the lower Gambia and Casamance rivers, although there
Asian rice (0. Sativa) has apparently replaced 0. glaberrima, and transplanting is delayed until after the rains or after the annual flood has flushed
out salts that accumulated as a result of salt tongue intrusion from the
Atlantic during the dry season. In East Africa, Asian rice is also cultivated
in the lower Tana delta in Kenya, and the lower Rufiji basin in Tanzania.
28. See C. LaMuniere, Aspects of Leadership in a Multi-Tribal Society: Sorcery and Personal

Achievement (1969) (Ph.D. dissertation, Harvard University); P. Hayward, Why Zambians Do Go
Back to the Water An Assessment of Informal Economic Activity in the Kafue Fishing Sector (1981)
(unpublished seminar paper).
29. See, e.g., Scudder, River-Basin Development, supra note 5; Linares, From Tidal Swamp to
Inland Valley: on the Social Organizationof Wet Rice CultivationAmong the Diola of Senegal, 51
Africa 557 (1981); Adams, Sokoto Valley. supra note 20; Adams & Carter, Small-Scale Irrigation
in Sub.SaharanAfrica, I I Progress in Physical Geography 1027 (1986).
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In both deltas farmers take advantage of high tides, which spread the
river's floodwaters through small canals into cultivated areas (including
small polders on the north shore of the lower Tana).
Flood-recession agriculture is found throughout Africa. The classic,
and quite probably historically antecedent, system dates back more than
five thousand years in Egypt where farmers not only planted behind the
receding flood but also cut major canals and built large dikes to channel
water between the Nile and adjacent basins. Its antiquity throughout Africa
is suggested by the development of a wide variety of cultigens to deal
with different flood and drought conditions. These include early maturing
(90 day) varieties of maize, millet, and sorghum that trade off higher
yields for drought resistance and early availability.
In Wesi Africa, villages in the Inland Delta have selected rice varieties
in relationship to soil conditions, with several varieties planted together
as a further risk-aversion technique. "[Plarallel with this adaptation to
unpredictable flooding is a collective rotation of fields in response to
perceived cyclical changes in flooding, frequently involving shifts over
a wide area." '
Though production systems in the Sokoto-Rima Valley of Nigeria are
-less complicated, this is another locale for the diversification of floating
rice. Including Asian rice, some 20 varieties were recorded in a study
area in the upper Sokoto valley, and while the depth and predictability
of flooding there was less than in the lower Rima valley, "farmers selected
rice varieties to plant in different fields according to their flood-tolerance
in the same way.""
While the basic pattern of flood-recession cultivation is the same
throughout tropical Africa, a wide range of variation occurs in response
to different conditions between river basins and within river basins. Everywhere crops are planted in succession during the dry season as the annual
flood recedes, with successive harvests often continuing after the arrival
of the rains, and even after the initial rise in water levels in the case of
flood-tolerant species of sorghum in West Africa. The hoe is the major
tool, although animal traction may also be used. Between river basins,
there are major differences in preferred crops. Within a particular basin,
systems of recessional cultivation vary in response to the steepness of
the river bank, the prevalence of annually flooded overflow basins, and
the extent of tidal intrusion.
The main crops are cereals-maize in southern Africa, and rice and
sorghum elsewhere, with some millet grown in West Africa. Except for
30. Adams, supra note 2, drawing on Gallais & Sidikou, TraditionalStrategies, Modern Decisionmaking and Management of Natural Resources in the Sudan Sahel, in Management of Natural
Resources in Africa: Traditional Strategies and Modem Decision-Making (1978).
31. Adams, Sokoto Valley, supra note 20, at 34.
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cotton and tobacco, other crops are usually interplanted, including legumes, cucurbits, and other vegetables. Crops are planted in succession
as the water level falls during the dry season. The most drought-resistant
crops, like millet in West Africa, are planted first. The lowest planting

is timed to allow harvesting to just precede or coincide with the initial
rise in water levels that follows the arrival of the next rainy season.
Total hectarages sown differ from river basin to river basin, and from

year to year within the same basin, varying in relation to floodplain
morphology, flood and soil conditions, and the nature of the preceding

rainfed harvest. In the Middle Senegal, for example, more than 100,000
hectares may be sown following a "good" flood, whereas flood recession
areas along the Middle Zambezi are largely confined to the primary
channel of the river and to the deltas of tributaries.
Yields of cereals tend to vary between 400 kilograms and 800 kilograms
per hectare, although Linares reports yields between 2,500 and 3,500
kilograms in the rich mangrove tidal basins of Senegal and GuineaBissau.32 While areas cultivated per household tend to be relatively small
(in comparison to rainfed fields), land suitable for flood-recession cultivation is the most highly valued by riverine populations, being subject
to elaborate rights of usage and tenure. This value reflects several considerations. One is the orientation of the cultivators toward the river and
toward flood-recession gardens that become green at the very time that
surrounding areas begin to wilt under the increasing heat of the dry season.
Another consideration is the fact that green vegetables (including fresh
maize) become available during the dryest and hottest part of the year.
A third reason is the role of such gardens in bringing to an end, or at
least interrupting, periods of hunger that follow the failure of rainfed
agriculture. While this last reason has become increasingly critical in the
Sudano-Sahelian zones and the lower rainfall areas of central and southern
Africa where increased frequency of drought over the past 20 years has
adversely affected rainfed harvests, those same droughts have also reduced
flooding and hence the extent of land available for recession cultivation.
Livestock Management
Riverine habitats are crucial to the livestock of mixed farmers and
transhumant pastoralists alike. Rainfed croplands provide post-harvest
stover for livestock during the early part of the dry season. In the Middle
Zambezi, the livestock are those of the farmers. In the Middle Niger,
they are more apt to be those of transhumant pastoralists whose herds
are welcomed by farmers because of the manure they drop during their
sojourn-hence illustrating the complex interrelationships that link fai.a32. Linares, supra note 29.
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ers and herdsmen of different ethnic groups. (They are also linked by

such other relationships as herding arrangements and exchange of cereals
for animal products.)
Floodplains after the recession of the annual flood provide a still more
critical source of pasture during the latter part of the dry season when
vegetation elsewhere for grazers and browsers alike is scarce. At that
time livestock converge upon wetlands from much more extensive upland
range lands. Without access to such dry-season pastures, herd size could

not be maintained. Examples include the livestock of the Tembe-Thonga
along the lower reaches of the Pongolo in South Africa, of the Ila of the
Zambian Kafue Flats, of the Orma and Somali in the Tana delta of Kenya,
of the Nilotic people who graze several million stock on the seasonally
flooded wetlands that comprise the Sudd, and of the FulBe and other
West African peoples who are dependent on the floodplain pastures of

the Lake Chad Basin, the Middle and Lower Niger, and the Senegal,
along with other West African rivers and their tributaries.
In the Tembe-Thonga case, Buchan reports "mean stocking densities

on the floodplain and in surrounding dry-land areas were 0.78 AU (Animal
Units)/ha and 0.24 AU/ha respectively so, while floodplain vegetation
covers only 8 percent of the total vegetation area available to stock, cattle
spend an estimated 23 percent of their grazing time on it." 3 In the Kafue
Basin, Bingham estimates the total cattle population at about 500,000 in
1978: "It is likely that at least 50% of these cattle depend on the flats
for their dry season grazing."I For the Inland Delta of the Niger, Diarra
reports for 1981 flood plain stocking rates on Eragrostisgrasslands similar
to those reported by Buchan from the Pongolo."
These flood-dependent pastures support a variety of highly nutritious
grasses that provide grazing at a critical point in the annual cycle. Some,
like Vossia, emerge while flood waters are still standing, with hungry
cattle wading up to their necks to consume them. Others, like species of
Echinochloa, thrive at the edge of the receding water, while species of
Panicum thrive after the flood waters have receded. So attractive are these
"meadowlands" that it is not easy to get cattle to leave them when the
arrival of the rains rejuvenates inland pastures.
Fishing
Annual flooding significantly increases the productivity of riverine fisheries by providing a rich source of food and protection for spawning fish
and their fry. "[The increase in the area of water during the floods releases
33. A. Buchan, supra note 22, at 16.
34. Bingham, supra note 6,at 95.
35. Diarra, Changes inVetiveria nigritianaand Eragrostis barteri Grasslands in the Niger Flood.

plain, Central Mali, 31 ILCA Bull. 14 (1988).
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nutrients from the terrestrial into the aquatic components of the system.

This results in a surge of production centered primarily on the growth of
higher plants, which in turn support both epiphytic organisms and dense
colonies of creatures in their root masses."' These in turn provide food
and protection to fish. "Good floods inundate larger areas, making available greater quantities of food, and improving conditions for reproduction
and shelter. Recruitment, growth and survival are as a consequence better
in years when discharges .are high, subject to their timeliness, and the
population is correspondingly greater.""'
Not only are floodplains more prolific, but they are easier for local
populations to fish than the main channel. A wide range of techniques
have been developed to fish floodplains, including night fishing with
torches and spears, fish traps, fixed" valved and valveless fish baskets,
fish drives, seine, gill and cast nets, and poisons. The fishing season
starts when the floods encroach and continues until the waters dry up or
recede back into the primary channel. In some areas like the Nile Sudd,
and Zaire's Ubangi River, riverine, communities increase the area of the
floodplains by excavating canals to connect low-lying basins to the main
channel. Along the lower reaches of the Oueme in Benin, narrow trenches
that may exceed a kilometer in length are dug perpendicular to the main
channel, with entering fish caught when flood water subsequently recedes.
Throughout tropical Africa, fish are a source of animal protein. Observers from as far apart as South Africa,3" the Sudan, and West Africa
note "how riverine fisheries make available an important source of high
quality protein in areas that otherwise would suffer from serious nutritional
deficiencies.'" 39 Some surveys suggest that 40,000 tons of fish per year
are consumed locally along the Nile and its tributaries in the Southern
Sudan.' Nile floodplains also support major commercial fisheries. While
no figures are available on annual yields along the Nile, one speculative
estimate in 1980 for the underutilized Sudd was 27,000 tons "from thc
permanent system--that is excluding the seasonal floodplain." 4 ' Esti
mates where landings exceed 100,000 tons per annum are reported froni
the Inland Delta of the Niger, and in the Lake Chad basin where fluctuations in water levels cause landings to vary between 30,000 tons and
220,000 tons per annum.42
36. R. Welcomme, Fisheries Ecology of Floodplain Rivers 81 (1979).
37. Id. at 177.
38. J. Heeg & C. Breen, supra note 22, at 72.
39. T. Scudder & T. Conelly, Management Systems for Riverine Fisheries 12 (1984) (Institutx
for Development Anthropology for the Food and Agriculture Organization of the U.N. FAO Fsheriet
Technical Paper No. 263).
40. Letter from F. Henderson, Department of Fisheries, FAO, to author (April 4, 1984).
41. The Jonglei Canal, supra note 25, at 347-48.
42. Lowe-McConnell, The Biology of the River Systems with ParticularReference of the Fishes
in The Niger and Its Neighbours: Environmental History and Hydrobiology, Human Use and Healt i
Hazards of the Major West African Rivers 122 (A. Grove ed. 1985).
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Summary
The economies of millions of people are dependent on the annual flood
regimes of rivers throughout tropical Africa. Having evolved over thousands of years, these diversified economies incorporate flood-dependent
cropping systems, livestock management, and fishing, with the relative
importance of the different components varying from year to year according to flood conditions. Though not without.risk in the past owning
to variation in climatic and other conditions, today these economies are
under increasing pressure due to population increase and environmental
degradation. Ignored by national and international policy makers and
planners alike, they are also adversely affected by current river basin
development strategies.
ADVERSE IMPACTS OF RIVER BASIN DEVELOPMENT
STRATEGIES TO DATE
Current Justifications for African River Basin Development
Strategies
Although irrigation has been assuming more importance since the commencement of the Sahelian drought of 1968, the generation of hydroelectric power for the urban administrative, commercial, industrial, and
residential sectors remains the primary purpose of African river basin
development. Despite the fact that some rural residents have benefited
from such development, generally it has favored the urban minority at
the expense of the rural majority.43 This is especially true for the millions
of people living below mainstream dams which have largely eliminated
annual flooding in the interests of electricity generation-the flood waters
being stored behind the dams to the extent possible so as to deliver a
fixed flow through the turbines. The virtual elimination or serious reduction of annual flooding below such dams as Kariba (Zambia/Zimbabwe), Kainji (Nigeria), and Akosombo (Ghana) has had a disastrous
effect on the large majority of downstream users.
Socio-economic Impacts
Whether built for hydro-power generation, irrigation, or both, mainstream dams in Africa significantly reduce the annual flood during most
years. On balance, impacts on riverine habitats and local production
systems are adverse. Post-impoundment ecological research has dealt
more with reservoir than with downriver impacts, but the latter can be
severe, including river bank erosion in the Middle Zambezi Valley below
43. T. Scudder, The African Experience with River Basin Development (to be published in 1991
by Westview Press).
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Kariba.' Over the longer term, reduced flooding is also apt to negatively
affect floodplain creation, riverine forests, alkalinity, and coastal deltas
and beaches.
Elimination of downstream flooding has had a devastating effect on
local production systems. On the one hand, riverine habitats for flood
water farming and livestock management are drastically reduced. On the
other hand, fisheries productivity and hence fish landings for consumption
and commercial purposes are adversely affected.
The most detailed analysis of the adverse effects of dam construction
on downriver users deals with the Bakolori and Kainji Dams in northwestern Nigeria. Kainji was constructed in the late 1960s mainly for
hydro-power generation. Control of the downriver flood has had adverse
effects on people immediately below the dam and hundreds of kilometers
downriver. Adeniyi concentrated on three villages, with a combined population of about 12,000; the farthest was more than 200 kilometers downriver. Though herders presumably were also adversely affected by the
flood reduction, Adeniyi concentrated on fisherfolk and farmers. In regard
to fishing, fisheries income from the three villages decreased 47 percent,
60 percent, and 73 percent, respectively. That these reductions were
related to a drop in fisheries productivity is indicated by catch statistics
analyzed by the Kainji Lake Research Institute which showed a decline
of more than 50 percent. Adverse as the impacts on fisherfolk were, many
more people were adversely affected by declines in recessional cultivation.
For instance, the three villages showed declines of 44 percent, 53 percent,
and 70 percent respectively in dry season harvests from seasonally inundated areas (fadamas)4 5
Far more drastic effects are reported in another study:
Decrease in fish and crop yields from the fadamas (floodplain
depression lakes) due to low water level in the river channel and
floodplain was noted within one year of dam closure from Jebba to
Lokoja. Within the second and third years, the effects of the new
rather low level flood regime during the flood season coupled with
unsteady flood rises had been felt as far down-river as the apex of
the Niger delta. The Niger at Onitsha was scarcely half bankfull.
Consequently the rich and extensive Anambra floodplain northeast
of Onitsha was grossly desiccated and few floodplain lakes/ponds
made seasonal connection with the main river channel.
Fishermen and farmers watched helplessly as their yields fell. By
1970, the Lower Anambra Basin which hitherto had been responsible
for 70% of freshwater fish and yam production in Eastern Nigeria,
44. Guy, River Bank Erosion in the Mid-Zambezi Valley, Downstream of Lake Kariba, 19 Bio*

logical Conservation 199 (1980-81).
45. Adeniyi, Downstream Impact of the Kainji Dam, in 2 Kainji; A Nigerian Man-Made Lake.
Socio-Econnomic Conditions, Kainji Lake Studies 73 (A. Mabogunje ed. 1973).
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had lost both 60% of its fish output and yam production running into
100 thousand tonnes. '
While the above study notes that a contributing factor to such declines
was the 1968-1974 Sahelian drought, the author's analysis suggests that
Kainji was the major factor responsible for drops in fish and crop yields.
Though better rainfall in 1975 and 1976 improved the situation for fishermen, still, "[tihey are finding it difficult to locate good fishing grounds
and to predict catches from the flood characteristics as before in these
downstream stretches-a situation which may be related to the adverse
effects of the dam on47species and stock composition and population
structure/distribution."
, While Adeniyi's and Awachie's surveys were largely undertaken at the
same time as the 1968-1974 drought (hence making it difficult to factor
out dam effects from drought effects), Adams' research along the Sokoto
tributary to the Niger was in the late 1970s. ' Following the completion
of the Bakolori Dam, he reports:
there was a reduction in downstream agricultural production and fish
catches due to the reduced wet-season flooding. Wet-season cultivation of rice declined, and land was turned over from rice to the
less productive crops of millet and sorghum. The economically important dry-season vegetable production was reduced, and farmers
turned to dry-season labour migration, a traditional response to periods of drought and hardship. "9
The percentage of households doing recessional cultivation in two of
Adams' study communities also declined-from 100 percent to 27 percent
in one case and from 93 percent to 59 percent in the other, which is
presumably a major reason why labor migration rates increased."
As for rainy season and dry season fishing, "Village surveys suggested
a substantial decline in both seasons, except where water bodies were
maintained by flow from adjacent upland areas. In a number of villages
fishing had virtually ceased, and in others had become confined to the
river bed in the wet season.""' Adams also refers to research in another
Nigerian river basin that describes "the decline in fishing and the crop
failure (surpassing that of the 1972-74 drought) in the Hadejia flood-plain
following the closure of the Tiga Dam.""
46. Fishery Management in Large Rivers 21 (R. Welcomme ed. 1979) (FAO Fisheries Technical
Paper No. 194) (drawing on information supplied by B.J.E. Awachie).
47. Id.
48. Adams, Sokoto Valley, supra note 20.
49. Adams, River Basin Planningin Nigeria, 5 Applied Geography 303 (1985).
50. Adams, Downstream Impacts, supra note 20, at 297.
51. Id.
52. ld. at 292 (drawing on Stock, The Impact of the Decline of the Hadejia River in Hadejia
Emirate, in The Aftermath of the 1972-74 Drought in Nigeria: Proceedings of a Conference Held
in Baguda, April 1979 (G. Apeldoorn ed. 1979)).
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The construction of both Kariba and Volta also had adverse effects on
downstream users, although the number of people impacted upon was
fortunately lower. In the Kariba case this was because little floodwater
agriculture and fishing occurred in the stretch between the dam and the
Zambezi confluence with two major downriver tributaries-the Kafue and
the Luangwa. Nonetheless, in the Lusitu area, several thousand people
doing recessional cultivation were adversely affected, especially those
cultivating floodplains where the Lusitu River joins the Zambezi.
In the Volta case, the downstream population numbered under 100,000
people because the dam was built fairly close to the coast. According to
Hilton and Kowu-Tsri, construction of Akosombo "brought severe hardship to the people of a narrow and rather crowded zone below the dam.""
As a result of reduced land for flood recession agriculture (which had
allowed intensive cropping of annually flooded areas), out-migration increased: "the exodus has affected even the larger villages, whilst some
small ones have disappeared entirely. "' Further downstream in the delta,
coastal erosion increased after the elimination of the annual flood. According to New Africa, 10,000 people were displaced when the town of
Keta was destroyed, while another 10,000 were under threat in Aneho."
According to Howe, rising water tables in the vicinity of Keta flooded
out lands which formerly had been seasonally cultivated, while valuable
lagoon fisheries deteriorated due to increasing salinity.'
While it is difficult to assess impacts of dam construction in the Tana
river basin because of the lack of pre-dam impact assessments and of
post-dam monitoring, and of more academically oriented research, knowledgeable experts informed Little and the author in 1985 that dam-associated lower flood levels were already having an adverse effect on flood
water agriculture. Presumably they were also reducing grazing for livestock, as has been the case on the Kafue Flats where the reservoirbacked up behind the gorge area-has flooded eastern grazing areas while
flood control by the upriver Itezhitezhi Dam has restricted grazing to a
narrower zone in the west. On the one hand, the area flooded is reduced,
with less nutritious grasses and other vegetation replacing grasslands with
much higher carrying capacity. 7 On the other hand, drawdown later iti
the dry season is restricted by increased river flows for hydro-powe:"
generation. According to Kalapula, reduced grazing at that time caused
cattle to die in two areas: "While the former grazing areas remained unde.
53. Hilton & Kowu-Tsri, The Impact of the Volta Scheme on the Lower Volta Floodplains, 30 J,
of Tropical Geography 29 (1973).
54. Id. at 35.
55. 1985 New Africa 27.
56. Letter from Charles W. Howe, Professor of Economics, University of Colorado, to the author

(June 7, 1988).
57. Diana, supra note 35, at 15.
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water, and with no viable alternative grazing area, most cattle died of
starvation. ",8

Summary
In favoring hydro-power generation for the cities, industrial centers,
and mines at the expense of other development objectives, current justifications for dam construction in tropical Africa favor the minority living
in the urban sector over the majority in the rural areas. By greatly reducing
annual floods, most African dams have adversely affected the economies,
living standards, and way of life of riverine communities and of transhumant pastoralists dependent on floodplain grazing during the dry season. In effect, rural residents in Africa's river basins have been subsidizing
the urban industrial sector at their own expense. Using dams to release
a controlled flood is an alternate development strategy which could benefit
both rural and urban residents alike.
JUSTIFICATION FOR A REGULARIZED ANNUAL FLOOD

Other Justifying Factors Granted Nonexistent Cost-Benefit
Analyses
No attempts have been made by African governments, former colonial
powers, or donors to assess systematically the development potential of
riverine floodplains or production systems in tropical Africa, let alone to
assess how to develop whatever potential exists. In their 1982 report on
the Pongolo Floodplain, for example, Heeg and Breen wrote, "Itihe asset
value of the floodplain has not yet been considered in any of the development plans, largely because none of the planners have ever visited
it. 9 Similar statements could be made for other riverine habitats throughout Africa. In the Kainji case, for example, "[n]o attempt was made to
evaluate the impact of the dam in downstream areas," while "little effort
has been made to monitor... the downstream effects of the dam."'
The situation is identical regarding dam construction in Kenya's Tana
River Basin. Here the lack of attention to downriver impacts is even less
justified: first, five dams are involved, and second, the World Bankassisted construction on the fifth dam, Kiambere, proceeded after the
World Bank had formulated and approved, in the early 1980s, guidelines
for mitigating adverse impacts of dam construction on the environment
and the lives of local people.
58. Kalapula, Effects of the itezhi.tezhi Dam on the Cattle Industry in the Namwala Area: Some
Preliminary Findingsfor the Period 1976-1979 in Proceedings of the National Seminar on Environment & Development (D. Johnson & W. Roder eds. 1979).

59. J. Heeg & C. Breen, supra note 22, at 92.
60. Fishery Management in Large Rivers, supra note 46, at 21.
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Just as no assessments have been made of the development potential
of riverine habitats and production systems, the benefits accruing from
an annual man-made flood have not been weighed against the costs in
terms of reduced hydro-power generation. Such costs would be considerable. Anderson estimates, for example, that flood releases from the
Senegal River's Manantali Dam that were sufficient to allow 50,000
hectares of flood recession agriculture could reduce electricity generation
by nearly 25 percent during the year in question.'
Since electricity generation provides much (and in some cases, all) of
the justification for dam construction in terms of development and debt
repayment, in the absence of appropriate cost-benefit analyses, what is
the justification for the type of sub-optimization strategy advocated in
this paper whereby dams are used to realize a range of partial benefits
as opposed to optimizing a single benefit?
At least five factors justify serious consideration of the "hydro-power
generation cum man-made flood synchronized with a regularized reservoir
drawdown" option. First, there is the increasing literature-some already
cited--on the extent to which riverine production systems have sustained
relatively dense (by African standards) populations for millenia. Granted
the increased interest in sustainable development, for this reason alone
their enhancement warrants serious attention. Second, current experiments with man-made flooding on the Pongolo River in South Africa
suggest that their continuance as a permanent feature of dam operation
is indeed an attractive option-an option which current research on the
Senegal River is examining in detail.
Third, during the early stages of industrialization it is important to
remember that it is the rising productivity and disposable income of tens
of thousands of the type of small scale producers that inhabit Africa's
river basins that comprise the engine that drives development forward.
Fourth, where dam construction adversely affects the living standards of
rural people, living standards that already are too low because of the
adverse rural-urban terms of trade that characterize tropical Africa, urban
migration rates can be expected to increase as rural residents follow the
transmission lines to the cities. Already growing too rapidly, Africa's
cities are unable to provide jobs and services to current residents, let
alone to a further influx of migrants due to misguided development policies.
Fifth, as Adams has pointed out, provision of hydroelectric power often
has not catalyzed the expected "blossoming" of local industry, while
World Bank evaluations conclude that the construction of some major
dams--as least cost energy sources-has been premature (Ghana's Kpong
61. D. Anderson, OrganisationPourLe Mise En Valeur Du Fleuve Senegal-Scope of Tarrif and
ProjectJustification Studies 92 (1987) (Published by The World Bank).
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and Zambia's Kafue Stage I being examples).62 Granted Africa's hydropower potential (at least 30 percent of the world's, only a small portion
of which has been tapped), plus the gradual expansion of interconnecting
international grids, and the reconsideration by heads of state of common
market options, surely it is not necessary to optimize the hydro-power.
output of each dan-especially when such optimization is clearly at the
expense of riverine habitats and production systems.
It is for such reasons that designing and operating dams to permit manmade floods is now receiving more serious attention. In raising the option
of such floods at the October 1988 UN/Economic Commission for Africa
(ECA) Interregional Meeting in Addis Ababa on River and Lake Basin
Development, with emphasis on the Africa region, the author was gratified
by the serious consideration given his presentation6 3 by participants. More
recently, after an exhaustive AID-funded analysis of expected impacts of
Somalia's Baardheere Dam on the Juba River, ARD recommended manmade floods for continuing flood recession agriculture at least until the
development of small-, medium-, and large-scale irrigation provides sufficient output and employment opportunities: "Controlled floods will come
without handicap to power generation since Somalia will not utilize optimal generating capacity until some time in the future. "" Granted the
difficulties encountered by irrigation projects in Somalia and Africa in
general," I suspect the tradeoffs between the increased productivity of
controlled flooding and decreased hydro-power generation will continue
to favor the former even in the future.
How Best to Enhance the Productivity of Riverine Habitats and
Production Systems
Enhancement of riverine production systems requires improved water
management, on the one hand, and improved agricultural techniques, on
the other hand. Research carried out by FAO and other agencies in the
Senegal River basin during the 1960s and early 1970s suggests that yields
of sorghum, for example, can be increased two- to threefold through the
application of urea and improved water management. Better management
of floodwater grasslands could increase livestock carrying capacities, on
the one hand, and allow harvesting of hay, on the other.
Improved water management currently is a major stumbling block.
Because of the tremendous variation in flooding during the annual cycle
and from year to year, and decade to decade, most attempts at partial
water control through the construction of dikes have failed.
62. Adams, supra note 2, at 184.
63. Scudder, Forum, supra note 19.
64. ARD, supra note 21, at Vol. 1, p. 18.
65. Mois, Irrigationas a PrivilegedSolution in African Development, 5 Dev. Pol'y Rev. 99
(1987).
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Most examples of partial water control come from the Niger basin,
involving both British and French efforts. Adams discusses various attempts between 1917 and 1925 to divert and retain waters in basins
adjacent to the Sokoto-Rima system through the construction of canals,
dikes, and small dams.' The local population, however, was unable to
maintain these works, with the result that many were seriously eroded
or washed away by subsequent floods. Even when they withstood flooding, a major problem was the speed with which flood waters rose in the
basins and the variable depth of water from one year to another. Too
rapid a rise of flood waters snuffed out newly planted rice, while too
slow a withdrawal interfered with recessional cultivation, grazing, and
certain types of fishing--clap net use, for example. During other years,
inadequate flooding failed to fill the basins.
In summarizing the unsuccessful British experience in the Sokoto-Rima
system, Adams suggests that the outcome could have been different if
construction had been preceded by adequate hydrological and technical
surveys, if construction had been more professional, and if the whole
effort had not been so dependent on a single administrator. 7 This conclusion is questionable since the French and, following independence,
the Malian experience in the Middle Niger basin with partial water control
of a more sophisticated nature is, at best, only a partial success. The two
largest Malian ventures are the Operation Riz-Mopti (ORM) and the
Operation Riz-Segou, both of which lie in the Inland Delta and both of
which try to reduce the risks associated with customary flood rise and
flood recession cultivation.
In a January 1986 AID document, Simmons assesses both attempts at
partial control:
The production of rice in the 30,000 hectares flooded seasonally by
the Niger River in the region of Mopti has a longstanding tradition.
People planted scattered plots of rice throughout the area, depending
on their assessment of likely rainfall and flooding conditions. Production was lost, Viguier estimated in 1937, in one year out of three
due to too much or too little water.
In an effort to improve these odds, the first dikes for achieving
some control over the water level had been constructed under Ministry of Agriculture auspices in the 1940s. But it was only with the
constitution of the ORM in the early 1970s, the construction of
improved water-control structures with World Bank funding, and the
introduction of floating rice varieties from Asia, that the potential of
semi-controlled rice production began to be seriously evaluated as a
66. W. Adams, Sustainable Development of Water Resources: Perception and Achievement in
the Sokoto Valley, Nigeria (1985) (unpublished manuscript).

67. Id.
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major public investment. In the early years of ORM, the picture
looked very bright. Yields were more than double those achieved
with local rice varieties (Oryza glaberrima)and the economics of
the semi-controlled flooded production system looked good....
By the early 1980s, however, the promise of the early years had
tarnished considerably as yields declined steadily and the flood proved

to be less reliable than it had been in the 1975-78 period. Between
1982 and 1984, farmers in the ORM harvested nothing. Disappointment with low yields turned into disaster as farmers went into debt
to plant and realized nothing from their efforts."
In an effort to improve the situation, further multilateral and bilateral
funding was provided to add more canals along with a pilot project within
ORM to experiment with pump irrigation of perimeters double cropped
in cereals and vegetables. Opdration Riz-Sdgou has evolved in a rather
similar fashion since the 1940s, and with similar problems of uncertain
water delivery: "farmers still lost 80 percent of their crop one year out
of three in the 1970s.

.

. and production has not reached the anticipated

2-plus tons per hectare."'
Whether or not this more capital-intensive approach proves economical
remains to be seen. Simmons is skeptical, noting-because of uncertainly
over water and commitments to other components of their diversified
production system-the reluctance of farmers to invest in inputs (such
as fertilizer and improved seed) that extension agents are pushing to obtain
the higher yields needed to cover recurrent expenditures." The various
managerial and other problems involved, including competition between
farmers and herders, are similar to irrigation projects with full water
control. The record throughout tropical Africa, with only a few exceptions
(such as Kenya's Mwea-Tebere project), has been poor in terms of yields
and income generation. 7'
Ironically, it would appear that the very mainstream dams that have
lowered the productivity of riverine habitats and production systems present the best opportunity for their enhancement. In order to realize that
opportunity, however, both their goals and their design need to be radically
altered. In terms of goals, the recommended strategy is to combine hydropower generation with a man-made downriver flood that is synchronized
with the drawdown of the reservoir behind the dam. Other objectives
such as irrigation and navigation need not be adversely affected since
water passing through the turbines could provide the necessary downriver
flows. In terms of design, the necessary outlets to release a regulated
flood would have to be built into the dam.
68. E. Simmons, supra note 1, at 8.
69. Id. at 11.
70. Id.
71. Moris, supra note 65, at 110.
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Riverine Production Systems
Except in extraordinary cases (such as periods of extreme drought and
the occasional 50- or 100-year flood), a man-made flood would meet the
water management needs of downstream producers. Further enhancement
could be provided by building dikes with two-way sluices to funnel water
into the more advantageous basins and other waterways for flood water
cultivation, pasture enhancement, and fishery development. Two-way
sluices, as were being designed with AID funding for the Dirol Plain in
the Mauritanian portion of the Middle Senegal River Basin, are needed
not just to regulate the inflow and outflow of flood waters from the river,
but also to regulate tributary inflows and sheet water flows.
Reservoir Basins
While the severity of downriver impacts of mainstream and tributary
dams has been seriously underestimated, as have the adverse impacts of
dam-related resettlement,72 the productivity of reservoir basins has also
been underestimated by planners. At Lake Volta, income from fisheries
actually exceeded that from electricity generation during one year, with
current landings varying between 30,000 and 40,000 tons annually."
At Kariba, the development of a small-scale fishery was carefully
planned and implemented in the late 1950s and early 1960s. Landings
rose to approximately 7,000 tons in 1963, before dropping to less than
2,000 tons when the initial bloom of productivity that follows impoundment ceased. 4 Income from fish sales during those good years enabled
many north-bank residents to purchase cattle and plows, hence speeding
the transition from hoe cultivation to the use of the plow, and the development of the cash cropping of cotton. Fishing profits were also a
major source of funds for financing education of children and other dependents during the years immediately before and after Zambia's independence, and they were the largest single source of capital for opening
small businesses within the Zambian portion of the Kariba Lake Basin.
Encouraging the sale of village produce and of locally brewed beer, the
fishery also played the major role in drawing village women into a market
economy. More recently, the stocking of Kariba in the late 1960s with
the Lake Tanganyika sardine (Limnothrissaspp.) has led to a large-scale
72. Scudder & Colson, From Welfare to Development: A Conceptual Framework for the Analysis
of Dislocated People, in Involuntary Migration and Resettlement: the Problems and Responses of
Dislocated People 221 (A. Hansen & A. Oliver-Smith eds. 1982); M. Cemea, Involuntary Resettlement in Development Projects: Policy Guidelines in World Bank-Financed Projects (1988) (World
Bank Technical Paper No. 80).
73. R. Perritt, An Analysis of the Volta River Basin and Development in Ghana as Administered
by the Volta River Authority 46-47 (198).
74. T. Scudder, A History of Development in the Twentieth Century: The Zambian Portion of
the Middle Zambezi Valley and the Kariba Lake Basin 18 (1985).
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open-water commercial fishery landing up to 8,000 tons of sardines per
year in Zambian waters, and more than 10,000 tons in Zimbabwean
waters.

Reservoir formation also presents major opportunities for livestock
management and recessional cultivation, the potential of which has been
largely neglected by planners. Tens of thousands of hectares of pasture
and arable land exist between high and low water levels, with reservoir
drawdown reaching its lowest point at the end of the dry season when
demand for grazing and fresh vegetables is greatest. Total drawdown
hectarage at Lakes Volta and Kariba exceed 100,000, while the estimated
drawdown area at Lake Kainji is 66,000 hectares.' Though more than
half of such hectarages may be nonproductive owing to steepness and
poor soils, once reservoirs stabilize, their upper margins and drawdown
areas tend to be colonized by highly nutritious grasses that can support
moderate densities of livestock and wildlife.
These grasses also present a source of hay for the intensification of
livestock management. According to Ayanda, some farmers in the Kainji

Lake Basin already harvest Echinochloa stagnina for homefeeding of
livestock, while others harvest such wild grasses for sale to livestock
owners. 76 Morton and Obot estimate that "an amount in excess of 110,000
t(ons) of utilizable standing crop dry matter is present, 75 percent of
which could be harvested."" Other West African reservoirs have similar
potential; indeed, the drawdown area of the Manantali reservoir can be
expected to become a major source of grazing for pasture-starved stock
once the reservoir fills.
The potential of Lake Volta for livestock development is especially
great since lean cattle driven south from Burkina Faso could be fattened
up on the lush grasses that line the northern shores before being shipped
down the reservoir to such coastal cities as Accra and Tema on the newly
operational Lake Volta cargo barges. As for Kariba, the grazing along
the foreshore now rivals that of the Kafue Flats, with extensive pastures
of Panicum repens supporting tens of thousands of cattle during the long
dry season on the Zambian side, and big game (including elephants and
buffalo) and other wildlife on the Zimbabwean side.
Local populations around the edge of lakes Kariba, Volta, Aswan, and
Kainji, and no doubt other reservoirs, have also begun to practice recessional cultivation within the drawdown area. At Kariba, for example,
75. J. Ayanda, Utilization of Lakeshore Wetland Areas of the Kainji Lake Basin, Nigeria (July
12, 1988) (paper presented at the 12th International Congress of Anthropological and Ethnological
Sciences, Zagreb, Yugoslavia).
76. Id.
77. Morton & Obot, The Control of Echinochloa Stagnina (Retz.) P. Beauv. by Harvestingfor
Dry Season Livestock Fodder in Lake Kainji. Nigeria--a Modelling Approach. 21 J. of Applied
Ecology 687-94 (1984).
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recessional cultivation over the more extensive Zambian drawdown areas
provided the major source of locally produced maize during the 19811984 drought.
If the development potential of reservoir basins is to be systematically
tapped, however, it will be necessary to provide farmers, during most
years, with an appropriate number of days for growing recessional crops
before reservoir levels commence rising, and with an extension system
that informs farmers when they can expect reservoir levels to begin to
fall and rise. Such a program becomes possible if release of floodwaters
is carefully synchronized with plans for improved utilization of the associated drawdown area behind the dam.
While no studies of the potential of such synchronization have been
completed, there are at least three cases in tropical Africa where a regularized man-made downriver flood is currently being released, and
where the impacts of such releases have been carefully studied. These
involve the Itezhitezhi Dam on the Kafue, the Pongolapoort Dam on the
Pongolo, and the Manantali Dam on the Senegal. Although releases from
Itezhitezhi have been insufficient to have the desired effect on habitat and
local production systems, research along the Pongolo and the Senegal
supports the need to consider regulated flood releases as a permanent
feature of dam operation. While it is too early to make operational recommendations for Manantali (since only two years' research has been
completed since the dam was sealed in 1988), such recommendations
have been accepted for the operation of the Pongolapoort Dam. And as
previously noted, ARD, following a detailed three-year research program
in the Juba River Basin, has also recommended controlled flood releases
to the Somalia government.7'
The Pongolo River Basin Case
South Africa's Pongolapoort Dam was constructed close to the borders
of Swaziland and Mozambique in the late 1960s, with impoundment in
1970. With no hydro-power generating capacity, it was built for the sole
purpose of irrigating up to 40,000 hectares for White settlers expected
to move there. As elsewhere in Africa at that time, no attempt was made
during feasibility studies to assess impacts on the downriver floodplain.
After dam closure, these impacts were especially severe in the South
African portion of the floodplain for both the riverine habitat and for the
25,000 Tembe-Thonga people who were dependent on that habitat for
flood recession agriculture, grazing, fishing, and gathering (virtually no
information is available on impacts further downstream in Mozambique).
When the White settlers failed to materialize, scientists from the Natal
78. ARD, supra note 21.
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Parks Board, the Provincial Fishery Institute in Transvaal, and the University of Natal persuaded the government to experiment with man-made
floods released from the dam.
Initially emphasis was on restoring fishery productivity. Emphasizing
the disastrous impact of the dam on the local fishery, Coke and Pott
published, four months after closure, the first management plan for controlled flooding." This also took note of the importance of flooding for
grazing by more than 25,000 cattle, for the gathering of wild food plants,
for wildfowl, mammal, and reptile populations, and for the maintenance
of habitat in the Ndumu Game Reserve.
Thereafter research on the dam's downriver impacts was expanded.
Especially important for synthesizing that research and assessing its policy
implications was a 1978 Workshop on Man and the Pongolo, the purpose
of which was to review existing knowledge for minimizing negative
impacts of the dam, on the one hand, and, on the other hand, "investigating means of maximizing benefits which would accrue from both
agricultural development and the maintenance of the floodplain.""' Agricultural development referred mainly to the future of the irrigation scheme
which was re-oriented in 1980 for the benefit of the people of Kwa-Zulu
(by 1989, 2,700 hectares were being cultivated under mechanized, high-

cost sprinkler irrigation, with farmers receiving the net income for cotton
lint from their tenancies). Maintenance of the floodplain related to the
need to provide "controlled releases" annually for the benefit of the

Tembe-Thonga production system and the riverine habitat (though some
Tembe-Thonga had become tenants on the irrigation scheme, more had
been involuntarily removed than had received land with the selection

process favoring elite and other people elsewhere in Kwa-Zulu).
Through 1978, most research had been carried out by biologists and
ecologists. Though emphasizing the importance of annual flooding for
the local people, the schedule of releases that was recommended was
more beneficial to the fish breeding cycle than to the immediate needs

of the Tembe-Thonga production system in which agriculture and livestock management played a much more important role than fishing. Der-

man and Poultney highlighted this in 1986 by noting that prolonged
releases too early in the flood season "undermined both the people's
agricultural endeavour and ... adversely affected fishing in the pans
which was optimal in the winter months.""' The result was an increasing
79. M. Coke & R. Pott, The Pongolo Floodplain Pans:A Plan for Conservation (1970Y (mimeographed by Natal Parks Board).
80. J. Heeg & C. Breen, supra note 22, at I.
81. P. Derman & C. Poultney, Underdevelopment Today: The Pongolo Floodplain of Northern
Natal 14 (Feb. 22, 1986) (paper presented at a Lesotho conference on the Second Generation of
Migration and Development).
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marginalization of the river communities throughout the 1970s and the
early and mid-1980s.
In January 1989, another workshop was held to reconsider the scheduling of the previous biannual releases and, in part, to seek a compromise
among the concerns and perspectives of: different categories of scientists;
the Pretoria-based Department of Water Affairs that managed the dam;
and the local people. By then Buchan, under Breen's supervision, had
completed a study of floodplain grazing resources,82 while Derman and
Poultney had completed 10 years of sociological research. Derman and
Poultney had also played an active role in helping the local people organize
themselves into a number of water committees. They had also facilitated
the organization of the Mboza Village Project. Under local control, its
major purpose was to lobby for optimal releases for the Tembe-Thonga
and for their greater involvement in conservation and development planning, to increase the productivity of the local economy, to improve housing and services (including schools and shops) throughout the floodplain
habitat, and to provide training in relevant economic activities. Drawing
together people from a range of disciplines, the workshop was held in
the community hall of the Project.
No one was completely satisfied with the flood release regime proposed
at the meeting by the Department of Water Affairs on the basis of available
research on the floodplain habitat and the local production system. A
compromise, it still tended to favor the ecologists who had argued that
their recommendations were intended to optimize the biological productivity of the ecosystem on which the local production system was dependent. While I did not find their arguments that convincing for the
February release date recommended (which was significantly earlier than
that recommended by the people and the sociologists who wished to ensure
the harvest of rainfed fields before the flood arrived), nonetheless the
process followed represented the type of suboptimization strategy which
I believe is best suited to satisfy the needs of a multiplicity of users.
Furthermore, in response to the peoples' needs, and the damage to
newly planted rainfed crops that had followed a first release just after the
onset of the rains, Water Affairs had agree to shift that release prior to
the advent of the rains to facilitate early planting. Throughout the workshop, it was also emphasized by all involved that the local people, through
their water committees, the Mboza Village Project, and the Kwa-Zulu
Tribal Authority, should be more actively involved in future planning.
The Senegal River Basin Case
The AID-funded environmental impact analysis of the proposed Diama
and Manantali Dams confirmed that natural flooding prior to 1968 had
82. A. Buchan, supra note 22.
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allowed the flood recession cultivation of approximately 100,000 hectares.83 Most of that land was in the Middle Valley and much would no
longer be cultivable once river flow was controlled following the completion of Manantali. Because neither Senegal nor Mauritania had the
capability to provide alternative irrigation schemes during the years immediately following construction, it was agreed by the member countries
in the Organization for the Development of the Senegal River Valley
(OMVS) to design the dam so as to allow a man-made flood for a transitional period of at least 10 years.
This decision was a first for Africa. Because of the opportunity presented to study the pros and cons of a dam-regulated flood, the Institute
for Development Anthropology (IDA) proposed a three-year research
project which AID agreed to fund over the 1988-1990 period. Under the
direction of Michael Horowitz, Muneera Salem-Murdock, and the author,
IDA's three-person research team recently completed a study of the local
production systems in the Senegalese portion of the Middle Valley, and
the impact on those systems of Manantali-released floods during the 19881989 and 1989-1990 agricultural cycles. With new AID funding for a
fourth year, data from the intensive community studies will be combined
with regional data from a larger number of sites. With the assistance of
consultancies in hydrology, pedology, fisheries, agronomy, rural-urban
linkages and marketing, and river basin modeling, the intention of the
research team is to produce a cost-benefit analysis of two development
options. The first is hydro-power generation combined with an annual
man-made flood (on a permanent rather than a temporary basis) synchronized with the regularized drawdown of the Manantali reservoir. The
second is hydro-power generation without an annualized man-made flood.
Although further research and analysis are essential, preliminary analysis
of data accumulated to date is highly supportive of the first option."
Interest in the advantages and disadvantages of the first option has been
increasing within the Senegalese government. At a 1989 meeting of the
interministerial council on river basin development following the construction of Diama and Manantali dams, for example, the Minister of
Plan and Cooperation stated that "Monitoring the impact of the artificial
flood constitutes a critical activity in the sense that it will permit an
understanding of whether to terminate it because of its eventual competition with hydro-power generation or to continue it to some as yet
undetermined date. This monitoring will also permit us to adapt our
programs of enhancing recession cultivation."' Interest in the ecological
83. Gannett, Flemming, Corddry & Carpenter, Inc., Assessment of Environmental Effects of
Proposed Developments in the Senegal River Basin (no date).
84. See especially M. Horowitz & M. Salem-Murdock, The Senegal River Basin Monitoring
Activity: A Phase One Synthesis (Nov. 1990) (Institute for Development Anthropology).
85. D. Ka, Bilan d'Execution du Programme d'Actions, Problemes Majeurs et Perspectives (1989)
(Conseil Interministeriel sur l'Apres-Barrages, Ministere du Plan et de la Cooperation).

NATURAL RESOURCES JOURNAL

[Vol. 31

and economical potential of controlled flooding has also been increasing
among international experts. A recent Worldwatch Paper on Water for
Agriculture: Facingthe Limits refers to the controlled flood option on the
Senegal River as a potential strategy for the 1990s for "integrating modem
water management with traditional practices."'
Notwithstanding the distinctive features of the flood regime of the
Senegal River (on the Bafing tributary, Manantali, for example, only
controls approximately 50 percent of the river's flow in the Middle Valley),
IDA believes that the Senegal research--like that in the Pongolo Basinhas important implications for river basin development strategies throughout tropical Africa. Additional research is necessary, however. Monies
have yet to be forthcoming, for example, for the necessary ecological
research on the biological productivity of the riverine habitat. Furthermore, research on the impacts of a Manantali-regulated flood should
continue at least until 1993 when the first turbine at Manantali is scheduled
to come on line.
Summary
Annual flood regimes have sustained the economies of millions of
African producers for centuries without environmental degradation. For
that reason alone, designing and operating dams to deliver a controlled
downriver flood and reservoir drawdown deserves serious consideration.
What evidence is available also suggests that there are low-cost development strategies to increase the productivity of local economies in conjunction with the improved water management that controlled flooding
would provide. Benefits would not only include increased production,
employment (and hence reduced migration to urban centers), and higher
living standards based on enhancement of flood recession agriculture,
livestock management, and fishing, but also aquifer recharge that would
encourage reforestration efforts and improve the quality and quantity of
water from community wells. Currently, the first cost-benefit analysis of
controlled flooding is underway in the Middle Senegal Valley. Though
further research and analysis is necessary, preliminary data analysis is
strongly supportive of the "hydro-power generation cum man-made flood
synchronized with a regularized reservoir drawdown" option.
POLICY, MANAGEMENT, AND ENVIRONMENTAL CONSTRAINTS
TO MAN-MADE FLOODING
Though designing and operating dams so as to permit a regularized
annual flood may prove desirable from both an ecological and an economic
point of view, there are nonetheless a number of constraints that could
86. Postel, Water for Agriculture: Facing the Limits, World Watch Paper 93 (1989).
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interfere with the implementation of such a flood. These can be divided
into policy, management, and environmental constraints.
Policy Constraints
There are at least two potential policy constraints. One relates to national governments planning dam construction, while the other involves
the donor community. Hydro-power generation and man-made floods
benefit two very different constituencies. Since very little rural electrification has occurred to date in Africa, hydro-power primarily benefits
the elite-dominanted urban administrative, commercial, industrial, and
residential sectors. Man-made floods, on the other hand, while facilitating
longer term national development, provide immediate benefits primarily
to low-income rural households with little political clout. Suboptimization
strategies that favor the latter will require enlightened policy-making.
As for donors, their policies must distinguish between the realization
of longer term development goals and debt repayment. Sale of hydropower to urban users clearly provides greater opportunity for generating
cash income to repay construction debts than does broad-based rural
development arising from, for example, dam-released floods and rural
electrification which primarily benefit small scale producers. The issues
currently are being debated in connection with how Manantali-stored
waters should be utilized. Some donors, and national agencies in Dakar,
not only favor optimizing power generation at the earliest possible moment (hence terminating dam-released floods), but also advocate direct
transmission of power to Dakar, bypassing the Middle and Lower Valley
where rural electrification would reduce significantly the energy and maintenance costs of pump irrigation.
In favoring Dakar at the expense of the Senegal River Basin, such an
approach would favor debt repayment. It also "would appear to involve
development suicide," as stated in the summary of the author's presentation at the 1988 UN/ECA Addis Ababa meeting on integrated river basin
development. Not only would the development of the Senegal Valley be
set back, but in response to decreased local opportunity and increased
opportunity in Dakar, labor migration rates to the metropole could be
expected to increase significantly. No policy-makers or planners have yet
to consider the costs of such skewed development in terms of more rapid
urban inflows which can be expected to be associated with higher rates
of unemployment and crime, and greater pressure on urban infrastructure
and social services.
Management Constraints
In order to release the proper amounts of water at the right times, an
annualized man-made flood requires a sophisticated hydromet network
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like that recently activated on the Senegal River. Farmers require an
effective extension service to use the releases. Using dams to achieve a
multiplicity of goals also requires increased management skills within
river basin authorities and key ministries. Such skills are in short supply
in Africa, and where they exist-as in Ghana's Volta River Authoritythey continue to be backed up by expatriate expertise which in turn
requires payment in foreign exchange.
Environmental Constraints
Here the most serious potential constraint is increased drought. Especially in the Sudano-Sahelian zones, droughts since 1968 have put
serious pressure on riverine habitats and riverine production systems,
which has caused increased conflict between different categories of users.
Drought has also had adverse effects on reservoirs backed up behind
mainstream dams. In the Ivory Coast the Kossou Dam was completed
during the 1968-74 drought. The reservoir backed up behind the dam
apparently has yet to fill completely, hence reducing hydro-power generation, which was the prime purpose of the scheme.
Reduced inflows during periods of drought in the first half of the 1980s
required the Volta River Authority to cut off all electricity in 1984 to the
prime industrial user (VALCO) in order to provide essential services to
Accra and other urban areas in Southern Ghana. In Egypt, decisionmakers
received a reprieve at the last moment from making difficult decisions
about the use of seriously depleted waters behind the Aswan High Dam
only because of exceptionally high rainfall during the latter part of 1988
in the upper catchment of the Blue Nile.
A second problem concerns lack of knowledge about the role of natural
flooding in the maintenance of riverine ecosystems. While controlled
flooding can be expected to have major environmental benefits, elimination of river flow extremes will have ecological impacts, the nature of
which is unclear. This is especially the case with environmentally sensitive
species. Included on rarely flooded levees along the Tana River are evenaged stands of trees, the establishment of which appears to be associated
with "prolonged periods of relatively high floods.""'
Summary
If such constraints preclude the "hydropower cum man-made flood
and regularized reservoir drawdown" option, the unsatisfactory record to
date with African dam construction suggests that most mainstream dams
currently on the drawing boards should not be built." As currently de87. Hughes, The Ecology of African FloodplainForests in Semi.Arid andArid Zones: A Review,
15 J. of Biogeography 127.-40 (1988).
88. Scudder, Conservation vs. Development, supra note 5; Scudder, supra note 43.
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signed and implemented, mainstream dams are supported by a powerful
coalition of heads of state and other national decisionmakers, donors,
and engineering firms. They are opposed by an increasingly powerful
coalition of environmental and human rights organizations. Both have
strong but one-sided arguments in their favor. As a compromise which
might satisfy and benefit both sides, designing and operating dams to
allow hydro-power generation, irrigation, and an annualized man-made
flood warrants careful analysis.

